Introduction Lumbar spinal stenosis is a common cause of low back and leg pain in the elderly and affects both physical activity and quality of life. First-line treatments are non-surgical options but if unsuccessful, surgery is advocated. The literature is not clear as to the outcome of surgery compared with non-surgical treatment, and the optimal time for surgery is not explicit. This observational study is designed to investigate the course of treatment, compare effectiveness of surgical and non-surgical management in patients with lumbar spinal stenosis and identify prognostic factors for outcome in the context of current clinical practice. Materials and analysis Prospectively registered data on treatment, outcome and patient characteristics are collected from nationwide registers on health and social issues, a clinical registry of people with chronic back pain and hospital medical records. Primary outcome is change in physical function measured by the Zurich Claudication Questionnaire. Secondary outcomes are changes in symptom severity, pain-related function, health-related quality of life and general self-efficacy. Outcomes are assessed at baseline and 6 and 12 months. Outcomes at 12 months will be compared for patients who undergo surgery for lumbar spinal stenosis and patients managed non-surgically, using different analytical approaches. Prespecified prognostic factors of interest at baseline include treatment allocation, back and leg pain intensity, comorbidity, duration of symptoms, pretreatment function, self-rated health, income, general self-efficacy and MRIgraded severity of central stenosis. Ethics and dissemination The study has been evaluated by the Regional Committees on Health Research for Southern Denmark (S-20172000-200) and notified to the Danish Data Protection Agency (18/22336). All participants provide consent. Findings will be disseminated in peerreviewed publications and presented at national and international conferences according to the Strengthening the Reporting of Observational Studies in Epidemiology and Prognosis Research Strategy statements. Potential sources of bias will be addressed using Risk of Bias in Non-randomised Studies of Interventions. trial registration number NCT03548441; Pre-results.
IntroduCtIon
Lumbar spinal stenosis is a degenerative condition among elderly people that can substantially affect mobility, functioning and health-related quality of life (HRQL). 1 The cardinal symptom of lumbar spinal stenosis is neurogenic claudication, consisting of lower limb pain and neurological symptoms exacerbated with walking and standing. 2 Some degree of stenosis may be present in up to 80% of patients over 70 years old, 3 but symptomatic stenosis seems relatively uncommon. 4 Lumbar spinal stenosis has been reported in 13%-14% of patients with low back pain who see a specialist and 3%-4% who see a general physician. 2 The natural course of lumbar spinal stenosis is largely unknown, but over the course of 10 years, symptoms have been found to worsen in 31% of patients, improve in 38% and remain unchanged in 31% despite progressive anatomic changes. 5 Peer-reviewed literature does not seem to support the concern that patients managed non-surgically may be strengths and limitations of this study ► The main limitation of this study is that analyses are not based on randomised treatment assignments. ► Another potential weakness may be up to 65% loss of follow-up data in the clinical registry. ► The results are strengthened by a large sample size that is 'guesstimated' from assumptions of expected patient numbers and their distribution across treatment groups. ► Data are collected prospectively and systematically as part of current clinical practice. ► Data on patient-reported outcomes are linked to data from hospital medical records and national registers on health and social issues.
Open access at risk of worsening health status over time. 6 As the ageing population continues to grow, the number of individuals with lumbar spinal stenosis and the associated public health and economic consequences must be expected to increase. 6 Identifying effective treatment options for this population is thus important. 6 First-line treatment is non-surgical and may include a combination of drugs, exercise, manual therapy, 7 lifestyle modification and multidisciplinary rehabilitation. 2 If unsuccessful, surgery is advocated. Lumbar spinal stenosis is the most frequent indication for spinal surgery in patients 65 years or older, with 3-11.5 cases per 100 000 inhabitants per year. 3 The literature is not clear as to the outcome of surgery compared with non-surgical treatment, 1 however, and the optimal timing for surgical decompression has not yet been established. 8 Due to the fluctuating natural history of lumbar spinal stenosis, surgery may be offered to patients soon after the onset of symptoms or several months or even years later. 8 Surgery has been reported as the most effective treatment for lumbar spinal stenosis when outcome is defined as reduced pain and disability and improved quality of life. 9 This was not the case for walking distance, however, which is the key functional limitation associated with lumbar spinal stenosis. 9 A recent systematic literature review reported no differences in pain-related disability between surgery and non-surgical treatment at 3, 6 and 12 months, with only one of five studies reporting a difference in favour of surgery. 1 The undeniable pathoanatomical aetiology of lumbar spinal stenosis makes it understandable that some patients prefer a surgical solution, but important concerns have been raised about surgical risks, particularly for elderly patients having complex fusions. 10 11 Studies have shown similar outcomes in elderly individuals undergoing minimally invasive spine surgery (without fusion) with little additional risk. 11 12 Hence, it is relevant to investigate the outcome of non-surgical treatment and to identify prognostic factors that could help determine which patients are more likely to manage without surgical treatment, and which patients would benefit more from surgery.
Multiple factors may be related to the outcome from lumbar spinal stenosis surgery including duration of symptoms, greater back pain relative to leg pain, 13 smoking, 14 previous spinal surgery, 15 preoperative function, self-rated health, income, comorbidity and psychosocial factors. 16 Self-efficacy is assumed to be an underlying factor explaining positive effects on health behaviour, health status, self-management behaviour and healthcare utilisation in older people with chronic disease. 17 Radiological severity on preoperative MRI is not associated with clinical severity nor surgical outcome after 1 year. 18 19 Symptomatic improvement is also seen in non-surgical treatment, but evidence is sparse for prognostic factors of outcome in non-surgical management 20 and the aspects that guide allocation of treatment. 21 rationale for this study Evidence-based guidelines for clinical practice are lacking, 1 and decision-making related to management of symptomatic lumbar spinal stenosis in daily clinical practice remains a challenge. 22 The overall evidence from randomised controlled trials comparing surgical and non-surgical treatment is of low quality 1 and provides little confidence to conclude whether a surgical or non-surgical approach is better for lumbar spinal stenosis. 1 Comparative effectiveness research aims to guide decision-making by comparing the effects on clinical outcomes of a number of prespecified treatments in current use. 23 The emphasis on clinical goals and decisions distinguishes comparative effectiveness research from trials that are designed to compare an experimental intervention or exposure to a control comparator (unexposed), to establish proof of concept or to elucidate a mechanism of action. For that reason, we have decided to perform an observational study in the context of clinical practice, focusing on the comparative effectiveness of surgical and non-surgical management of lumbar spinal stenosis and prognostic factors for outcome.
Aim and objectives
The aim of this study is to investigate the course of treatment for elderly patients with lumbar spinal stenosis with the objectives to (1) compare the effectiveness of spinal surgery to non-surgical management and (2) identify prognostic factors at baseline for outcome at 12 months follow-up.
MEthods And AnAlysIs design and setting
Prospectively registered data on treatment, outcome and patient characteristics are obtained from nationwide registers on health and social issues, 24 a clinical registry of people with chronic back pain (SpineData) located at the Spine Centre of Southern Denmark, Lillebaelt Hospital, Middelfart, Denmark 25 and hospital medical records. Baseline data are captured at point of first clinical contact and at 6-month and 12-month follow-ups (see figure 1 ).
Participants
All patients older than 60 years, diagnosed with lumbar spinal stenosis, and having first clinical contact at the Spine Centre of Southern Denmark, Lillebaelt Hospital, Middelfart from 1 January to 31 December 2017 will be identified in the National Patient Register. 26 Criteria for patient inclusion 1. Included in the SpineData registry. 2. >60 years.
International Statistical Classification of Diseases, 10th
Revision (ICD-10) diagnosis of degenerative lumbar spinal stenosis registered in the nationwide patient registry between 1 January and 31 December 2017 , that is, including central stenosis, foraminal stenosis as
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well as stenosis and spondylolisthesis or spondylodesis combined (DM480, DM996, DM431, DM472). 4. Gives consent to use patient-reported data for research purposes.
outcome measures Primary outcome
Primary outcome is change in physical function score between baseline and 12-month follow-up measured with Zurich Claudication Questionnaire (ZCQ). The questionnaire has good psychometric properties, is widely used and is recommended in outcome assessment of patients with lumbar spinal stenosis. 27 28 It has three domains (scales): physical function, symptom severity and patient satisfaction with surgery. The satisfaction subscale is omitted in this study, as we include a non-surgical group. The Physical Function Scale contains five items (questions) designed to specifically assess walking capacity in patients with lumbar spinal stenosis, 29 and the Symptom Severity Scale has seven items. Scores are calculated as the unweighted mean of all answered items and range from 1 to 4 (physical function) or 1 to 5 (symptom severity). Lower scores indicate less disability. The ZCQ score is considered to represent a 'successful improvement' when the subscales are judged as 'success'. 30 Minimal clinically important difference in mean change is 0.52 on the Physical Function Scale and 0.48 on the Symptom Severity Scale. 27 Secondary outcomes Secondary outcomes are change in score between baseline and 12-month follow-up in: 1. Symptom Severity Score on the ZCQ. Open access 3. HRQL on the EuroQol 5-dimension 3-level (EQ-5D-3L). 32 4. General self-efficacy on the General Self Efficacy Scale (GSE). 33 The ODI assesses pain-related physical functioning in spinal disorders. 34 35 It has been tested extensively, has good psychometric properties and is applicable in a wide variety of settings. 34 36 The ODI contains 10 questions about how back or leg pain affects the ability to manage everyday life. These are summarised to a score ranging from 0 to 100. Higher scores reflect worse pain and disability.
EQ-5D-3L is a widely used generic measure of HRQL that is considered valid and responsive for patients with chronic low back pain. 37 It evaluates five dimensions: mobility, self-care, usual activities, pain/discomfort and anxiety/depression, each with three levels of severity. The resulting health states can be converted into a single summary index with a total score ranging from -0.6 to 1, where 1 corresponds to perfect health. The EQ-5D-3L includes an EQ Visual Analogue Scale from 0 to 100 for respondents' self-rated health. 38 Higher scores reflect better HRQL.
The GSE measures perceived self-efficacy 33 and is used in patients with chronic pain. 39 Higher scores reflect higher self-efficacy.
All questionnaires will either have been validated in Danish or validated in its original language and translated into Danish following scientific standards. 40 Potential prognostic and extrinsic factors The study explores prognostic factors for outcome related to treatment allocation, back and leg pain intensity, duration of symptoms, smoking, comorbidity, anxiety/ depression, previous spinal surgery, pretreatment function, self-rated health, income, general self-efficacy and MRI-graded severity. Pain intensity is measured using the 11-point Numerical Pain Rating Scale. 35 Comorbidity is assessed using the Charlson Comorbidity Index (ie, including diabetes, cardiovascular and pulmonary comorbidity). 41 MRI-graded severity is estimated using the classification described by Ishimoto et al. 4 Data on age, sex, height, weight, cohabitation status, work status, level of education, socioeconomic classification, use of primary healthcare services, prior hospital admissions and use of prescriptive analgesic medicine will be collected to control for potential confounding, mediating or moderating effects. data collection Data on age, sex, cohabitation, ICD-10 diagnosis, treatment, previous spinal surgery, prior hospital admissions, hospital department, work status, use of prescriptive analgesic medicine, income, socioeconomic classification, level of education and number of consultations in primary healthcare centres will be collected from nationwide registers. 24 At the first clinical contact, patients complete the baseline questionnaire of the SpineData clinical registry which includes questions covering all the health components of WHO's International Classification of Functioning, Disability and Health. 42 In addition to the outcome measures, information about body mass index (BMI), back and leg pain intensity, duration of symptoms and smoking is available in the SpineData registry. 25 Wherever possible, questions and questionnaires have been based on evidence of their role in the diagnosis, prognosis or treatment of spinal pain. 25 Patients complete the questionnaires without assistance from clinicians or administrative personnel.
For patients with diagnostic MRIs performed at Lillebaelt Hospital, radiologists use a standardised protocol classifying mild, moderate or severe central stenosis as described by Ishimoto et al. 4 MRI descriptions are available in hospital medical records.
The data collected are depicted in table 1.
Interventions

Surgical management (exposed)
Patients receiving surgical treatment undergo various types of posterior decompressive surgery. Most common are decompression only (ie, laminectomy or microdecompression) and decompression plus arthrodesis. 43 Surgical procedure is determined solely by the surgeon and is recorded in the National Patient Register.
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Non-surgical management (unexposed) Patients managing lumbar spinal stenosis non-surgically are either referred to rehabilitation at a primary healthcare centre or referred back to their general practitioner for treatment. Treatment may include physiotherapy, chiropractic treatment, lifestyle changes and/ or pain management. Postsurgical patients may also be referred to rehabilitation at a primary healthcare centre. Use of healthcare services in primary care is recorded in the National Health Service Register, 44 while analgesic medicine is available through the National Prescription Registry. 45 Patient and public involvement This study follows the European League Against Rheumatism recommendations for the inclusion of patient research partners in scientific projects. 46 It is designed with assistance from three Danish patient representatives, Anna Karen Guldager Rüsz, Tove Theilmann Petersen and Peter Christian Christensen. All are diagnosed with lumbar spinal stenosis and were selected in connection with routine care and participation in a multidisciplinary rehabilitation programme for patients with lumbar spinal stenosis. They have participated in discussions about the relevance and purpose of the study and will contribute with comments on the patient information about the study findings.
Choice of outcome measures was discussed with the patients after selection in collaboration with healthcare Open access professionals with extensive clinical experience in diagnosing, goal setting, decision-making and treating patients with lumbar spinal stenosis and including patient preferences into this process.
A lay summary of the study results will be disseminated through patient groups and online fora to raise awareness of the study and future research areas.
statistical analyses
We anticipate that over 12 months, the SpineData registry will collect information on 2500-3000 baseline episodes for consenting patients over 60 years with low back pain, of which 300 patients are expected to undergo surgery for lumbar spinal stenosis. 47 Assuming equal distribution of patients treated surgically and non-surgically after 1 year, Open access we guesstimate to enrol 600 patients to the lumbar spinal stenosis cohort.
To determine if this cohort size will be sufficient to achieve ≥80% probability of detecting a statistically significant difference in primary outcome between groups, an a priori power analysis was performed.
An enrolment flow and distribution of 600 patients in a balanced design (figure 2) will have a power of 0.956 for a two-sample pooled t-test of a normal mean difference with a two-sided significance level of 0.05 (p≤0.05), assuming a common SD of 1 point, to detect a mean difference of 0.3 points on the Physical Function Scale.
With the same assumptions, in case of missing data, a balanced design with total sample size of 400 will have a power of 0.849 to detect a mean difference of 0.3 points on the Physical Function Scale.
Even if we are to test for equivalence between surgical and non-surgical treatment, a total sample size of 400 in a balanced design would yield a power of 0.999 for two one-sided tests for additive equivalence of two-sample normal means with bounds −0.25 and 0.25 for the mean difference and a significance level of 0.05 (p≤0.05), assuming a mean difference of 0 points and a common SD of 0.5 points on the Physical Function Scale.
Following recommendations for the development of a multivariable prognostic model of 50 events for the first covariate and adding 10-20 events required for each prognostic variable, 48 we would be able to perform a multivariable analysis for potential prognostic factors for outcome with approximately 30 variables in a cohort of 600 patients.
Patient characteristics will be summarised using descriptive statistics, that is, as means with SDs (or medians with IQR) and percentages. Variables and outcome data will be compared between patients who undergo surgery for lumbar spinal stenosis (exposed) and patients who have non-surgical management (unexposed). Data will be analysed in analogy to a randomised trial 49 while realising, however, that this comparative effectiveness study with repeated measures is not randomly assigning individuals to treatment groups. The crude statistical model will include two fixed effect factors of group and time and the interaction between them. This model will aim to describe the longitudinal progress (trajectories) for the two groups and subsequently adjust for potentially confounding variables as a consequence of patients not being randomly assigned to the two groups (adjusted model). Random effects result from variation between and within participants; anticipating that measures on the same participant at different times are correlated, and that measures taken close together in time are more highly correlated than measures taken far apart. Observations on different participants are assumed to be independent. In the statistical analyses, the following 'candidate confounding variables' will be considered for statistical adjustment: age, level of education, socioeconomic classification, BMI, comorbidity, use of primary healthcare services, prior hospital admissions and use of prescriptive analgesic medicine.
One of the primary distinguishing features of analysis of repeated measures data is the need to accommodate the covariation of the measures on the same sampling unit. For the choice of covariance structure, we will use graphical techniques, numerical comparisons of covariance estimates and indices of goodness of fit. After the covariance is satisfactorily modelled, the estimated covariance matrix is used to compute generalised least squares estimates of fixed effects of treatments and time.
The statistical model will also compare the study population with those withdrawing or crossing over to surgery. Multivariable analyses will be applied to derive models adjusting for multiple factors. For the purpose of the prespecified analyses, we will consider the 'data as available' to constitute the primary analysis population. As indicated below, this cohort of observed patients will allow patients to 'change group' between baseline and the 12-month assessment and thus violate the intentionto-treat principle.
Missing data
Missing data can threaten the validity of longitudinal clinical studies. In the absence of an analytical approach that can ensure unbiased estimates of treatment effects with missing data, we will aim to minimise the amount of missing data.
We will distinguish between treatment discontinuation (ie, switching between groups) and missing outcome data. 50 Data collection is often stopped after treatment discontinuation, but we will attempt to continue recording outcome data on individuals who discontinue/ Open access switch from the initial treatment group or who miss clinic visits. While missing outcome data from individuals who continue treatment but are lost to follow-up is a common cause of missing data, 50 group switching is better viewed as a form of non-compliance and will be treated using ideas from the causal literature on non-compliance. 51 We consider methods of analysis that are model based to be superior to available-case, complete-case analysis or single-imputation methods (eg, the last observation carried forward). As the proportion of missing data may raise questions about the validity of preferred methods such as model-based imputation, we will perform protocolised sensitivity analyses to determine whether the conclusions are sensitive to assumptions about the reasons for missing data.
Analysis populations
The full analysis set is as close as possible to the ideal population implied by the intention-to-treat principle. However, missing data within participants can present serious problems depending on the amount, cause and pattern of missing data, particularly in a non-randomised study design. The 'as observed population', allowing for switch between groups, will be compared with two alternative populations, (1) the intention-to-treat population in which data collected for the individual patient stay in the initial group and (2) the per-protocol population in which only those without 'protocol violations' will be included; see below for definitions:
As-observed population (available-case analysis): This is based on the 'full analysis set', being all the data available at baseline and no replacement for missing data, where patients can legitimately change group according to what is observed, that is, patients can end up with (1) only surgery, (2) only non-surgical management or (3) a secondary switch to accept surgery.
Intention-to-treat population: The underlying principle is that the effect of a treatment policy, such as non-surgical management, can be best assessed by basing the analysis on the intention to treat an individual, hence the planned treatment regimen rather than the actual treatment given. Patients initially allocated to a specific treatment group should thus be followed up, assessed and analysed as members of that group irrespective of their compliance to the planned course of treatment. Initial non-surgical patients thus remain in that group even if they subsequently have surgery, while initial surgical patients remain in that group even if they use postsurgical rehabilitation.
Per-protocol population: Here, the analysis is restricted to the subset of patients who sufficiently comply with the protocol that their data are likely to exhibit the effects of treatment. The per-protocol non-surgical population will thus include all patients in the intention-to-treat population but will exclude those crossing over from non-surgical management to surgery. The per-protocol surgical population will include all patients in the intention-totreat population but will exclude patients having surgery less than 3 months prior to completing the 12-month follow-up. Pain and physical impairment are expected to increase immediately after surgery, and patients undergoing surgery for lumbar spinal stenosis at the Spine Centre of Southern Denmark are advised to restrict their activities in a postsurgical recovery period of up to 12 weeks. Patient-reported outcome recorded during this period is thus assumed to be less relevant for comparison to non-surgical patients.
The analyses will be performed using STATA (V.15.1, StataCorp) and in collaboration with a statistical expert.
EthICs And dIssEMInAtIon
The study will be performed according to the Declaration of Helsinki, 52 57 Consent to use patient-reported information from the SpineData registry is obtained electronically prior to patients completing the questionnaires. Patients who do not consent will not be included.
Findings will be disseminated in peer-reviewed publications and presented at national and international conferences following guidance from the Strengthening the Reporting of Observational Studies in Epidemiology 58 and Prognosis Research Strategy 59 statements. Potential sources of bias will be addressed using Risk of Bias in Non-randomised Studies of Interventions. 49 dIsCussIon This article presents a protocol for an observational study designed to investigate the course of treatment by comparing the effectiveness of surgical and non-surgical management in patients with lumbar spinal stenosis and identifying prognostic factors for outcome. Prospectively registered data on health and social variables and patient-reported outcome are collected from national registers, the SpineData clinical registry of people with chronic back pain and hospital medical records.
The main limitation of this study is that analyses are not based on randomised treatment assignments, meaning that selection bias is a concern. Patient characteristics not accounted for in this study are likely to influence the decision whether to choose surgery or not. The study would thus benefit from patient groups being more similar with only the intervention differing between the groups.
We aim to strengthen the study results by collecting data prospectively, by having a large sample size (ie, 'guesstimated' from assumptions of expected patient numbers and their distribution across treatment groups), and by linking patient-reported outcome to data from national registers. We are aware that lost to follow-up could be a problem. Data from the clinical SpineData registry may Open access only be 50% at 6 months and 35% at 12 months, and the proportion of MRI descriptions available in hospital medical records is unknown. To minimise missing data, an independent administrative assistant will send out a reminder, including a paper version of the questionnaires, to patients who do not respond to the 12-month follow-up.
While we do not know the exact treatment modalities in the non-surgical group, we are not comparing outcome of surgery to any specific non-surgical treatment.
This study will assess outcome from non-surgical management and will provide knowledge about factors that can predict outcome in surgical and non-surgical management of lumbar spinal stenosis. This should help clinicians in guiding patients when choosing surgical or non-surgical treatment for lumbar spinal stenosis, and researchers in selecting variables of interest in future randomised controlled trials comparing the effect of the two management options.
